Our study of mangrove swamps revealed a total of 120 species, of which 13 are characteristics of mangrove swamps, and 38 of flooded areas with low salt. All the others are invasive species which have taken advantage of the degradation of these natural ecosystems. The scenario is not very different in Laguna de Tres Palos in Mexico. The frequent fires in the low-growing semi-deciduous rainforest (dry forest) have caused intense erosion, with the consequence that the site has silted up. As a result, the first vegetation band of Rhizophora mangle is extremely rare. Instead, Laguncularia racemosa and Conocarpus erectus are dominant, along with a band of Phragmito-Magnocaricetea with a high occurrence of Phragmites australis (Cav.) Trin., which acts as an indicator of sediment silting. It is extremely frequent for several reasons: as it is the decrease of the salinity of the water, the scarce depth due to the accumulation of sediments and the contamination by the entrance of residual waters of the nearby populations. When the depth and salinity of the water are suitable, the dominant species are Rhizophora mangle, Laguncularia racemosa, and Avicennia germinans.
Introduction
Mangrove communities are located in tropical and subtropical areas on different continents between parallel 30° N and 30° S [1] . They are also located in Central America in all the density and proximity to the habitat of the rural population and to the decrease in funding for protected areas; however, it is somewhat offset by protection measures in these threatened areas. We recently pointed to the need to establish conservation measures for Central American mangrove swamps [4] , as they are facing a number of different threats. One of these is particularly the high rate of sediment deposit caused by the deforestation of surrounding areas which is silting up areas of mangrove; this is the case of several mangrove swamps in Mexico (Laguna de Tres Palos, Acapulco, Mexico). The result is the substitution of the habitat of Rhizophora mangle with that of Laguncularia racemosa, whose habitat is in turn substituted by Conocarpus erectus due to the reduction in the depth of the lake basin, an increased inflow of fresh water and a decrease in salinity. This horizontal dynamic is accompanied by the proliferation of Phragmites australis communities, as a species whose optimal development occurs in sites with shallow standing water with low salinity, quite the opposite of the requirements for mangroves. Mangrove communities should therefore be regarded as fragile owing to the fact that they demand a particular depth of water and salinity. Another danger threatening the mangrove habitat is deforestation by the rural population for use as firewood, charcoal, kindling, and as an energy source. This could be reduced if the per capita income of the population were higher, thereby affording them access to other energy sources. In view of these considerations on the situation of these habitats, our aim is to determine their degree of diversity and state of conservation (Figures 1-4) . Therefore, we collected phytosociological data, which is essential to understand species diversity and community pattern in Central America. We have also discussed how results from this study can help in conserving mangroves in Central America.
Material and methods
We study the diversity and state of conservation of mangrove forests based on the analysis of 16 plant communities distributed throughout Central America (Mexico, Cuba, Dominican Republic) ( Figure 5 ) using floristic inventories compiled by several authors [4] [5] [6] ; this analysis uses over 70 field samplings grouped by ecological, physiognomic and floristic affinity in 16 plant communities. For each sampling, data were taken of the plot size in m2, (40 x 20) coordinates, coverage in percentage, average height of the dominant species and all the species present. Each plant community presents a particular floristic composition; therefore, in the statistical treatment, we will only take into account the flora of each plant association, since Figure 5 . Mangrove areas studied in Central America [4] . 1 2  3  4  5  6  7  8 9 10 11 12 13 14 15 16 
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Cissus verticillata (L.) Nicols.
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Clusia rosea Jacq. I
Corchorus hirsutus L. I
Costus speciosus (J.Konig) Sm.
Crescentia cujete L. I I
Erithalis fruticosa L. I Table 6 inv. 1-10). 14-As. Table 9 inv. 1-7). Mangrove Ecosystem Ecology and Functioneach association presents its own characteristic species and companions; we add a synthetic index to each species from r, +, I to V, to represent the presence/absence of species in the community. These indices are transformed into Van der Maarel indices [7] for statistical treatment, with the following equivalences: The value r means that the species is very rare, and that it only appears very sporadically, we assign it the same value as +; r, + = 2; value 2 indicates the species is rare and only found in certain isolated inventories in the plant community; I = 3, indicating the species is present in under 40% of the total samplings for the community; II = 4, in 40-55%; III = 5, in 55-70%; IV = 6, in 70-80%; and V = 7, in 90-100% of the total samplings carried out for a particular community ( Table 1) . We then run a series of statistical analyses on the Excel table with the 16 plant communities: cluster (Jaccard's distance) to determine the similarity between communities, diversity (Shannon) for A, B, C and ordination by DCA. We used the statistical packages CAP (Community Analysis Package III) and Past. For the state of conservation, we follow [8] .
Avicennietum germinantis
Degree of conservation Gc = 5. Sm = Minimum area in relation to the area of distribution of the community (subsector, district value: 0.5; sector: 1; subprovince, province: 2; group of provinces: 3.
6. R = Extremely rare phytocoenosis; value 3, rare 2 and normal 1.
a. **Species that live in humid environments that are temporarily or permanently waterlogged and have high salinity (mangrove forest plants), in environments in which the salinity ranges between 0.2% and 1.3%, according to [9] .
b. *Species that live in humid or temporarily waterlogged environments with or without slight salinity (species in transition between the mangrove forest and neighbouring communities); in this case, the salinity gradient is less than 0.2%. These are species that live in places that are waterlogged with freshwater, as in the case of Gran Estero in the Dominican Republic [10] .
c. Invasive species from nearby communities typical of dry environments. These are species from communities in the surroundings, essentially belonging to the dry forest [11] .
Results and discussion
This study revealed findings about mangrove community and adjacent vegetation's structure in Central America. This kind of phytosociological studies is ecologically significant and useful in conserving and managing ecosystems. The study identified that deforestation leads to siltation of soil, which can alter vegetation structure in surrounding areas.
Community analysis
Jaccard's analysis of similarity/dissimilarity shows that coincidences/differences between the plant communities are between 40 and 60%. The highest differences occur between group I (1-7) and group II (9-15) of the cluster (Figure 6 ). This is due to the different floristic composition of the plant communities caused by the influx of invasive species. This cluster analysis is confirmed by applying the DCA analysis (Figure 7) , which shows two clearly differentiated groups of communities. Group GA in this analysis belongs to communities 9, 10, 11, 12, 13, 14, 15, which are characterised by a low presence-and even the absence-of mangrove species; in contrast, group GB has a very high presence of mangrove species. Table 1 reveals the presence of 16 species (13.11%), which require strict ecological conditions of salinity and depth, as opposed to 33 species (27.04%) that grow in a low or non-existent salinity gradient, and 73 opportunistic invasive species from neighbouring habitats that penetrate owing to the significant silting of the lake basin (59.83%); this can be seen in the following vegetation profile (Figure 8) showing the introgression of dry forest species in the mangrove forest. 
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The communities in group I of the cluster have 11.68% of characteristic mangrove species, as opposed to 4.96% in group II. Salinity gradient in a given area depends on hydrology of that area. Lugo and Snedaker [12] first formulated the mangrove forest ecological classification system based on physiographic and structural components of mangroves of Florida. This study also showed vegetation groups based on salinity gradient. Modification of environmental parameters, such as salinity, depth of water, as a consequence of clogging, is a cause of change in the structure and diversity of the mangrove [13] , and this change implies an . DCA ordination analysis separating the two groups (group GA and group GB) of mangrove communities.
Analysis of the Conservation of Central American Mangroves Using the Phytosociological Method http://dx.doi.org/10.5772/intechopen.78947 199 increase in diversity due to a decrease in species specific to the mangrove and an increase in invasive species from nearby ecosystems. By analysing the state of conservation and the diversity of these ecosystems, it can be seen that those with a high Shannon value are not better preserved; on the contrary, the best preserved are those that have few species, but all or most of them are typical of the mangrove ecosystem.
Diversity analysis
Shannon's diversity analysis was applied to the characteristic mangrove species, the invasive species and the total species in the mangrove forest, and to the 16 plant communities. This was done based on the synthetic table published by ourselves [7] . This table comprises 16 characteristic mangrove plants, 33 plants that grow in areas of wetland and standing water with a low salt content (these are invasive plants in wetland sites), and 73 opportunistic invasive species from nearby areas that penetrate into mangrove forests due to a decrease in the depth of the lake basin as a result of silting. Table 2 reveals that communities 1-8 have a greater floristic richness than 9-16. There are 10 communities in which the Shannon index ** for characteristic species is greater than 1, and all the other communities have the value zero, signalling that these communities are not rich in mangrove species or have one single species. Paradoxically, in all communities except 12 and 16, the Shannon values for invasive species is equal or are higher than the values for characteristic species. This highlights the negative impact on the mangrove forest, and its substitution by invasive species. There are also anomalous situations such as community 14, where the Shannon value is zero in all cases; or 6, in which the total diversity value, 1.099, coincides with the characteristic species diversity, 1.099, due to the fact that the community has only mangrove species. In practically all cases, the typical floristic richness of characteristics** is very low compared to the floristic richness of invasive species S* + invasive plants, signalling a significant threat for mangrove forests. Figures 9-11 show that communities 9-15 present a very low species diversity of characteristic mangrove plants, compared to the first communities, which are more diverse. Communities 9, 10, 12, 13 and 14 have a single mangrove species-thus constituting monospecific populations-and in communities 11 and 15 the species** totally disappear.
Analysis of the state of conservation
To determine the state of conservation of the 16 plant communities studied in Central America, we apply the degree of conservation index (Gc) established by ourselves [8] . The best conserved communities are evidently the most biodiverse, as in these communities (1-8) the floristic richness (Rf) is high, ranging between 0.5 and 0.11; while communities 9-16 have a floristic richness (Rf) of between 0.01 and 0.04. In this second case, community 10 has a value Gc = −0.091, due to the fact that Acar = 1 (average values for the abundance of characteristic species) and Acom = 2.63 (average values for the abundance of companion species). Table 1 shows that community 10 has a single mangrove species** and 12 S* + invasive plants; in this case, the community is under major threat. However, the other communities −9, 11, 12, 13, 14, 15 and 16-present higher values for Acar than Acom, so the threat of Table 3 . Analysis of the degree of conservation of the mangrove communities.
Analysis of the Conservation of Central American Mangroves Using the Phytosociological Method http://dx.doi.org/10.5772/intechopen.78947these communities disappearing is negligible or non-existent, with the particularity that communities 14, 15 and 16 have values of Acom = 0 and have no invasive companion species and are thus the best conserved communities. In the first group of communities (Table 3) , although the floristic richness of ** is high, the Rf of * + invasive plants is also high, implying a significant degree of threat.
The threats that affect the mangrove are several; among which we highlight tourism, industries, infrastructure and deforestation. The methodology used to find out the conservation status of these ecosystems is based on the phytosociological method. With this method, 16 plant communities have been described, which present ecological and floristic differences. Each plant association presents its own characteristic species (Acar), and companion species (Acom) belonging to neighbouring communities. For this reason, and for the first time, we take stock of the relationship between characteristic and companion species, and in response to this, the state of conservation of the plant association. The state of conservation of the mangrove is high when all its species are characteristic, as this ecosystem is poor in characteristic species, its conservation is good, but if it presents a high diversity, it means that it presents many opportunistic companion species, and the state of conservation the mangrove is bad.
Conclusions
The floristic diversity presented by some mangrove communities is not synonymous with a good state of conservation, but rather the reverse: this diversity is a cause for concern, as it is due to the high number of invasive species that are difficult to eradicate while the current threats are maintained, in the form of cutting, burning, forest fires, charcoal manufacture, and so on.
Therefore, the best conserved mangrove communities are those which present only typical mangrove species and no companions, even in the case of monospecific populations of Rhizophora mangle, Laguncularia racemosa, Avicennia germinans, Conocarpu erectus. The mangrove forest must be regarded as a fragile ecosystem as it demands ecological conditions of depth of water, salinity, and a very specific substrate, and in which any alteration triggers the deviation and substitution of these communities by neighbouring ones.
Based on the results obtained, we propose concrete measures to mitigate and prevent the destruction of the mangrove communities:
